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Article abstract
Teachers face different challenges and opportunities through distance education. We used a combination of quantitative and qualitative approaches to investigate the factors leading in-service science teachers to quit online courses. No differences were found between persistent and drop-out teachers based on their sociodemographic data and their technological skills. The dropout rates were unrelated to courses' contents or duration. A follow-up procedure revealed that a heavy workload and technological issues accounted for most of the reasons teachers left courses. We conclude that financial incentives and reduced workload are key factors that could minimize attrition and increase persistence among Brazilian teachers.
Introduction
The models used to explain why learners drop out of face-to-face or online courses are constantly changing.
New models usually rely on their predecessors to incorporate the features of new educational settings or of different learner profiles. Because dropout rates are influenced by factors related to learner profile (e.g., traditional or non-traditional) and educational settings (e.g., face-to-face or distance education), most models share common characteristics, but also differ on important features.
Dropout Models: From Traditional Students in College to Non-Traditional Learners in Distance Education
Early frameworks designed to explain dropout processes were developed for traditional learners in traditional settings, that is, for young students attending face-to-face college courses. Among those, Tinto's (1993) model has long been considered the most influential (Bean & Metzner, 1985; Kember, 1989; Rovai, 2003) . The model describes the dropout process as a longitudinal series of interactions between an individual and other students, as well as college faculty and staff (Tinto, 1993) . Individual integration into the college community continually modifies, either positively or negatively, the students' intentions and commitments, which in turn influences their decision to leave or to stay at the institution. Tinto's (1993) model predicts that students' involvement with the college community and their positive interactions with their peers and college faculty are key factors behind their decision to remain a student, while the failure to establish such interactions and to fit in their educational environment is likely to increase dropout rates (Rovai, 2003 ). Tinto's (1993) model was developed for explaining attrition among traditional college students (young resident students) for whom academic and social integration within college or university are very influential. In the last few decades, however, the number of non-traditional learners has grown exponentially (Bean & Metzner, 1985) . Non-traditional learners were initially considered somewhat synonymous with commuting students (Tinto, 1993) . Bean and Metzner (1985) admitted that it was difficult to profile such students as they were very heterogeneous in terms of ethnicity, gender, and origin, among several other factors. The authors opted for a definition of non-traditional learners that contrasted some of their key features with those of traditional students; specifically, they categorized students that were mature, had enrolled in part-time courses, usually did not live in a college dorm, commuted to classes, and were more likely to have jobs as the non-traditional students (Bean & Metzner, 1985) . Due to their maturity and less frequent interactions with the other members of the college community, non-traditional learners were considered unlikely to be as susceptible to the socialization and integration issues that more traditional learners face (Bean & Metzner, 1985) . Although Tinto's (1993) model was recognized as a powerful tool, it has been suggested that it has several limitations when it comes to explaining non-traditional student dropout processes (Bean & Metzner, 1985; Kember, 1989; Rovai, 2003) . Because prior models to explain dropout relied heavily on social processes to explain attrition, Bean and Metzner (1985) suggested another model to explain non-traditional learners' reasons to drop out. In general terms, Bean and Metzner's (1985) model comprises academic, background, and environmental variables, as well as student academic and psychological outcomes. Environmental variables are thought to have more impact on dropout rates for non-traditional students than academic variables, primarily due to the fact that supportive environments (e.g., healthy finances or good child care management) might help non-traditional students to continue their education even when academic performance or support is weak (Bean & Metzner, 1985) . As such, the 147 rise of distance education has posed new challenges to the study of student attrition. Distance education courses are increasingly common for both traditional and non-traditional learners. Those courses are typically non-traditional processes of education in the sense that they seldom involve face-to-face interactions or the presence of learning groups (Kember, 1989) . Models used to explain dropout processes that proved applicable to either type of students in face-to-face settings needed to be reformulated in order to address issues related to the new educational environments.
Non-traditional learners face different challenges and opportunities through distance education, such as an asynchronous learning environment and adaptive study schedules. An early study suggested that factors influencing dropout rates could be generally recognized as what the author called "characteristics" or "circumstances" (Kennedy & Powell, 1976) . The former were hard or slow to change, as they had an intrinsic value (e.g., educational background), while the latter could change more readily because they comprised items such as the learner's finances and family relationships. More recently, new frameworks were suggested for dealing with the dropout process from online courses. Rovai's (2003) composite persistence model aimed to explain the factors that affect a learners' decision to drop out from online courses and included two prior-to-admission variables, namely students' skills (e.g., computer literacy and information literacy) and students' characteristics (e.g., age, ethnicity, and gender). The framework also included two after-admission variables, the so-called external factors (e.g., finances, hours of employment) and internal factors (e.g., social integration, goal commitment, and course utility).
Based on Rovai's (2003) earlier work, Park (2007) suggested a new revised framework for understanding the factors affecting non-traditional and non-degree online program learners' decision to drop out. In this new theoretical framework, some variables were relocated while new relations between variables were proposed. For instance, learner skills were set apart on the basis of the lack of sufficient empirical studies to support their relevance (Park, 2007) . Moreover, the author suggested that external factors affect learners' decisions not only during, but also before, the courses, and thus could influence learners' decision to drop out at the two stages.
Online Professional Development Programs for Teachers
In the last decade, the number of opportunities for adult learners has increased at both graduate and undergraduate levels, as well as in professional development courses (Allen & Seaman, 2016; Bersin, 2005;  Ministério da Educação, 2010). Almost three million students (roughly 14% of all higher education students) were attending higher education online courses in 2014 in the U.S.A. (Allen & Seaman, 2016) . In this context, several authors have suggested the urgency of developing online development programs specifically aimed at teachers in order to enable them to use information and communications technology (ICT) effectively and to improve the quality of their teaching (Kenski, 2009; National Research Council, 2007; UNESCO, 2008; Villani, Almeida-Pacca, & Freitas, 2009 ). More often than not, however, online courses have suffered with high levels of attrition (Favero & Franco, 2006; Frydenberg, 2007; Hart, 2012; Levy, 2007; Lykourentzou, Giannoukos, Nikolopoulos, Mpardis, & Loumos, 2009; Meister, 2002; Park & Choi, 2009; Yukselturk, 2010) . Even if distance education is commonly accompanied by attrition and high dropout rates, the use of online courses may still be a useful alternative to face-to-face courses for teachers' ongoing education, specifically in countries with near-continental dimensions yet with limited resources to 148 invest in ongoing teacher development. Indeed, a recent study showed indistinguishable outcomes between face-to-face and online professional development courses for teachers (Fishman et al., 2016) .
Teachers fit the definition of non-traditional adult learners but their profession is known to be characterized by high levels of attrition and dropout rates due to many factors, such as financial and geographical issues (Borman & Dowling, 2008; Ingersoll & Perda, 2009; Karsenti & Collin, 2013; Macdonald, 1999) . Those are also major issues in Brazil, where an early report suggested that the number of teachers quitting their jobs in the past decade had increased up to 300% (Lapo & Bueno, 2003) . That massive increase in resignation was caused mainly by low wages, poor working conditions, and lack of professional perspectives (Lapo & Bueno, 2003) . Official Brazilian documents have also emphasized the need for a consistent teacher training policy (Conferência Nacional de Educação, 2010).
There are quite few studies on Online Professional Development Programs (OPDP) dropout rates among teachers. Most of those studies report dropout rates ranging from 30% to 40% (Russell, Carey, Kleiman, & Venable, 2009; Kubitskey et al., 2012 , Stiller & Bachmayer, 2017 . There is no consensus in the literature regarding a definition of a dropout. The fact that these studies deal with different educational settings adds to the difficulty of making generalizations. Little is known about the specific patterns of dropout or about the reasons why teachers decide to drop out of online courses. High dropout rates impose losses to educational systems in countries where resources are already scarce. The present study took advantage of an existing online development program aimed at science teachers being developed in Brazil to characterize the reasons for dropping out within a broad sample of teachers. We have used a combination of quantitative and qualitative data to address the main research question: What factors influence the dropout rates among Brazilian teachers enrolled in online professional development programs?"
Methods

The Online Courses
An online professional development program for science teachers comprising seven different non-degree courses was offered by CECIERJ throughout the three years of the present study (from 2010 to 2012). Collaborative Technologies and Biology Education (TBE). Each pedagogical unit (course module) had the following components: lesson plans, main texts, additional texts, multimedia resources (animations, videos, simulators), and the distance activities (DAs). All courses comprised of: (i) discussion forums where members could take part in discussions about pedagogical issues and course contents, and supervised by tutors; and (ii) assignments (all teachers received formative feedback from tutors). Each course comprised six DAs to be handed in according to a previously agreed schedule and a final paper to be submitted after the completion of the DAs. Courses were offered in both 12 and 16-week terms, with the final paper submition as a mandatory requirement to receive a certification of completion. The certification has no impact on the teachers' income or career development. All courses were coordinated by online tutors who were responsible for supporting learners in their assigned tasks and for motivating them to pursue their goals and complete their courses. The tutors were supervised by at least one faculty member with prior experience in teaching and research on the specific course subject.
Sample
The online courses were offered by the state government and were aimed preferentially at teachers from public schools (Salvador, Crapez, Rolando, Rolando, & Magarão, 2010) . The original sample to be analyzed in the present study comprised the 3,026 teachers who enrolled in at least one course during three consecutive years.
Candidates filled online applications in which they should inform their educational background, teaching subjects, and professional affiliation. The applications always exceeded the number of spaces available.
Criteria for admission were used and preference was given to qualified biology and science teachers working at public schools. All the applicants that fulfilled those two criteria were admitted.
Demographic information, as well as data on teachers' use of internet tools, were obtained by means of an online questionnaire (Rolando, Salvador, & Luz, 2013) . Briefly, the questionnaire consisted of closed-ended questions on whether or not each tool from a set of 13 different internet tools was used by each respondent.
This analysis was based on a sample of 2,491 teachers (82% of the original sample) that provided demographic data and filled the questionnaires.
Characterization of Dropout Patterns and Rates
The learning management system (LMS) Moodle available allowed for the identification of teachers that delivered each of the DAs within their respective deadline. Although it was not unusual for teachers to miss one or a couple DAs throughout the courses; however, those who missed two consecutive DAs did not continue doing the course (see below).
In the present study we were interested in characterizing the factors that determine dropout rates and patterns rather than in the effectiveness of the courses. What it means to be a dropout in an online course vary in the literature (Grau-Valldosera & Minguillón, 2014; Levy, 2007; Lee & Choi, 2011) . Although a general definition would be desirable, we believe that it is unattainable due to the inevitable differences in the educational settings of each study. Nevertheless, a clear definition must be presented in each study to make the necessary comparisons feasible. In the present study, a dropout teacher was defined as one that did not submit their final paper; the final paper was the only mandatory activity of the courses analyzed.
Failing to hand the final paper in was defined as equivalent to failing the course; therefore, a teacher was considered as a dropout if he/she failed to submit their final paper regardless of the number of DAs handed in during the course. On the other hand, a teacher was considered persistent if he/she handed in the final paper, regardless of passing or failing the course. It is noteworthy that all teachers who failed to submit their final paper had also failed to hand in one or more DAs prior to the final paper and did not return to the virtual classrooms after prolonged absences. Those findings support the assumption that they had effectively left the course prior to its closure and that the definition of dropout adopted in the present study was adequate.
Characterization of the Reasons Why Brazilian Science Teachers Drop Out of Online Professional Development Courses
Luz, Rolando, Salvador, and Souza
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Understanding the Reasons for Dropping Out
A follow-up procedure adapted Nistor and Neubauer (2010) was implemented and helped to promptly identify and contact dropouts. This procedure was adopted during two 16-week courses. The procedure was based on emails sent after an absence of seven consecutive days from the virtual classroom. The message included an invitation to rejoin the course as well as questions about the teachers' intention to return or not to the courses (Appendix A). All teachers that replied to the emails presented explanations for abandoning the courses and none of them returned to the virtual classroom or rejoined the course afterwards. Their replies were therefore included in the data sample used in the characterization of the reasons for dropping out. Teachers that did not reply to the email and missed two DAs after the email was sent were contacted by telephone for a short interview. The interview focused on the reasons for abandoning the course (Appendix B). This procedure was slightly adapted for the sixth DA (DA6) because the time interval between the deadline for handing in the DA6 and the deadline for submitting the mandatory final paper was shorter.
The 21 teachers who failed the DA6 but submitted the final paper were not contacted by email or telephone, as they were not considered dropouts from the course. None of the teachers contacted by email or interviewed by phone throughout the whole process submitted the mandatory final paper. Those additional findings corroborate the previous assumption that they all had indeed opted to drop out from the courses.
Replies to emails (n=45) and transcriptions of phone interviews (n=104) were pooled and used for further analysis. The categorization of replies to email messages and transcriptions of phone interviews followed a content analysis procedure (Fraenkel & Wallen, 2003) . The categories (Table 1) 
Results
Dropout Patterns and Rates
A total of 3,026 teachers joined at least one of the 19 groups attending the seven different courses available during the present study (Table 2) . Only 17.7% of the teachers did not join their courses at any time while the remaining 82.3% handed in at least the first DA. A total of 1,543 teachers (46.9%) completed their courses by submitting the final paper resulting in a global dropout rate of 53.1% (Table 2) . Dropout rates ranged from 45% to 56% depending on the course. Statistical analysis weren't carried out to compare dropout rates in different courses because many of them were offered only once or twice. Differences of about 10% in dropout rates could be found between courses on different subjects as well as between a course that was offered twice (not shown). The heterogeneity in dropout rates seems thus unlikely to be related to course subjects. The percentage of teachers that remained in the courses by handing in the DAs according to the schedule, fell gradually and similarly along both the 12 and 16-week courses (Figure 1 ). A total of 182 teachers failed to hand in DA6 but submitted the final paper, perhaps because only the latter was mandatory. That explains the slight inflexion in the persistency curve after DA6 (Figure 1 ).The percentage of persistent teachers was significantly greater in 16-week courses considering the deadlines for DA2 and DA3 but no significant differences in persistence could be found after that (Figure 1 ). The total percentages of persistent teachers in 12 and 16-week courses were similar (46.5% and 47.3%, respectively) and no significant differences were found between the total dropout rates in the two contexts (p=1.0, MannWhitney test). The total percentage of persistent teachers was also very similar when the only two courses offered in both 14 and 16-week terms were considered (55.3% and 53.8%, respectively). The similarity in the dropout rates in courses on different subjects, as well as the similar final dropout rates regardless of course duration, suggested that the teachers' decision to dropout was unrelated to a courses' content or duration. 
Profiles of Persistent Teachers
We compared persistent teachers and dropouts concerning the sociodemographic data available (Table 3) .
No significant differences were found between them considering gender, age, frequency of internet use, and average number of internet tools used. Moreover, the percentages of teachers that used each of the internet tools surveyed were also indistinguishable ( Figure 2 ). 
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Figure 2. Use of 13 Internet tools by teachers.
Understanding the Reasons for Dropping Out
A follow-up procedure based on email messages and phone interviews was established to keep track of individual teachers during two courses. The procedure was aimed at trying to foster their participation and to identify possible reasons for dropping out of the courses. A total of 149 teachers out of the 188 that dropped out of those two courses were reached, either by e-mail (n=45) or telephone (n=104), resulting in a response rate of 79.3%. The answers to email messages and to interviews fell into similar categories and were analyzed together. Pooled results are shown in Figure 3 .
As shown in Figure 3 , the most frequent category (40.3%) that emerged from the answers comprised internal causes related to technological and technical issues (Park, 2007; Rovai, 2003) . Technological problems were related mainly to difficulty in accessing the internet (16.9%) or to not owning computers (8.7%). Technical issues included difficulty in dealing with a courses' platform (12.1%) or other software issues (2.6%). Answers provided in the personal issues category (16.1%) were mainly related to health problems (9.4%) that rendered it impossible for the teachers to do the courses. Family issues were also frequently reported (9.4%), which demanded substantial time from the teachers who needed to spend time with their children or caring for their relatives' health. The remaining teachers (6.7%) used general expressions such as "family problems" or "family complications" as reasons for dropping out.
154
Discussion
Comparing dropout rates of different online courses is a rather complicated task. The dropout rates depend on the educational settings studied. Lower dropout rates are more common among undergraduate students and may be as low as 18% when students face financial penalties for dropping out (Levy, 2007) . A slightly higher dropout rate (23.9%) was reported for undergraduate students in regular online university courses not aimed at non-traditional learners (Nistor & Neubauer, 2010) . However, Levy's (2007) study was based on a definition of a dropout student that excluded learners that left the course at early stages when they faced no financial penalty for leaving. A dropout rate of 39.2% would have been achieved even without 155 financial incentives if the teachers who never joined the courses were also excluded from our sample. The global dropout rate reported in the present work (53.1%) results from the combination of two different processes: a sort of no-show phenomena, in which teachers never effectively joined the courses nor handed in any of the scheduled activities and a complementary and more substantial gradual process of dropping out during the courses. That pattern is not uncommon. Grau-Valldosera and Minguillón (2014) reported that about 20% to 30% of the students drop out of their courses in the first semester while the other dropout students gradually leave their courses later. Massive online open courses (MOOCs) are known to suffer with high levels of attrition and high dropout rates that may reach 90%. Those high dropout rates are due to several, and sometimes controversial, causes. (Veletsianos & Shepherdson, 2016) . Although MOOCs are remarkably different from most other OPDP, a recent study analyzing MOOCs for non-traditional adult learners also described a combination of a no-show process (only 5% of the learners joined the courses)
followed by a gradual dropout process (Eriksson, Adawi, & Stohr, 2017) .
A dropout rate of 53.1% is compatible with other reports for adult learners enrolled in online courses.
Indeed, Park and Choi (2009) The dropout rates of online courses for teachers in developed or developing countries are likely to differ, as the educational conditions in the latter countries are also very distinctive. The strategies to reduce dropout rates that are effective in developed countries may prove unfruitful in other contexts. Although little is known about attrition in online professional development courses for teachers in developing countries, some inferences seem valid. Dropout rates are known to decrease as a consequence of financial penalties and certification (Levy, 2007; Rovai, 2003) However, the possibility of facing financial penalties when abandoning the courses would probably demotivate Brazilian teachers. Indeed, recent reports show that Brazilian teachers' wages are the second lowest among OECD countries, with little improvement in later stages of their career (OECD, 2014) . It is thus unlikely that those teachers would risk facing such penalties.
The dropout rates reported here are unlikely to be related to course contents, as similar rates were reported for all courses analyzed. Grau-Valldosera and Minguillón (2014) also reported varying dropout rates (ranging from 37.3% up 65.6%) in different programs offered by the Universitat Oberta de Catalunya. The dropout pattern is also unlikely to be related to course duration or intrinsic workload because both the total dropout rates and the pattern of dropping out that took place more gradually are quite similar in shorter (12-week) and longer (16-week) terms. That finding is somewhat contradictory with the high percentage of teachers (34.3%) that reported scheduling conflicts as their main reasons for dropping out. It can still be argued that the 16-week courses were still too demanding for Brazilian teachers that are known to be subjected to an excessive workload (Lapo & Bueno, 2003; Villani et al., 2009 ).
The persistent teachers were indistinguishable from those that left the courses regarding the available sociodemographic data (gender proportions and age). Similar results were obtained by Levy (2007) . Hart's (2012) review also found that demographic factors were neither barriers nor facilitators to leaners' persistence in online courses. There were no differences between persistent teachers and dropouts regarding their technological skills. Rovai's (2003) framework included computer skills and the ability to deal with computer-based interactions among the skills relevant for persistency (Rovai, 2003) . Park and Choi (2009) , on the other hand, suggested that empirical evidence to support the impact of a learners' skills on the dropout rates in distance education was still unavailable. Although the data on teachers'
technological skills analyzed in this study was far from exhaustive, we found no differences between persistent teachers and dropouts regarding several factors related to internet and computer use. Those findings may indicate that the teachers' internet-related skills did not play major roles in their decision to leave the courses. This conclusion is corroborated by a study that analyzed the influence of variables, such as teachers' computer attitudes and computer anxiety on dropout rates, and found no significant differences between persistent students and dropouts (Stiller & Bachmaller, 2017) .
In the present work, teachers' answers to telephone interviews and email messages were used to investigate self-reported reasons for leaving courses. The decision to contact teachers during the courses as soon as a potential dropout was identified is likely to have allowed the teachers to be contacted near the time when they decided to leave the courses. Teachers were also contacted without prior notice. We believe that this approach may have led to more reliable answers as it neither demanded teachers to recall reasons for their past decisions nor left time for them to elaborate on answers aimed at pleasing the interviewer.
Several studies have reported factors that lead learners to dropping out of online courses. The number of relevant factors reported varies significantly, ranging from 14 (Packham, Jones, Miller & Thomas, 2004 ) to 69 (Lee & Choi, 2011) . In general, those factors are grouped in categories that are either related to learner, environmental, or course factors. Park and Choi (2009) emphasized the importance of organizational support and course relevance to life in the case of non-traditional learners, reinforcing Levy's (2007) idea that relevance and student satisfaction are key factors for persistence. In the present study, certification had no impact whatsoever on the teachers' career, but no teacher mentioned the lack of relevance as a factor that contributed to their decision to leave the courses. The teachers' replies to email messages and phone calls fit the categories of Park's (2007) framework. The majority of the answers (59.7%) fell within categories grouped as external factors, mainly scheduling conflicts, personal, and family issues. The predominance of external factors among non-traditional adult learners is not uncommon. This finding agrees with the results of a recent study showing that physical constraint (a comprehensive external factor that comprises schedule conflicts, increased workload, child rearing, and personal disease) showed a strong 157 negative correlation with persistence among students from undergraduate courses (Choi & Park, 2018) . The most commonly alleged external factor behind dropping out in the present study was related to scheduling conflicts (34.2%). Such conflicts were connected to a learners' workload, a finding that is in agreement with several reports on the causes of high dropout rates in the context of online courses (Packham et al., 2004; Park, 2007; Park & Choi, 2009; Rovai, 2003) . Teachers' heavy workloads is a well-known phenomenon (Ballet & Kelchtermans, 2009; Klassen & Chiu, 2010) and has also been reported as a reason for dropping out in a study about online professional development programs (Kubitskey et al., 2012) . Family issues, mostly the need to interrupt the courses to support sick family members, were also common as were issues related to the teachers' own health. Those findings are especially relevant in Brazil, where excessive work hours in multiple jobs can lead to burnout among teachers (Carlotto, 2011) .
Internal factors accounted for a relevant proportion of the answers (40.3%) and could be grouped within the technology issues category (Park, 2007; Park & Choi, 2009) . The teachers that enrolled in the courses analyzed in the present study are frequent internet users and use a broad variety of internet tools, a finding that is compatible with a previous study that characterized Brazilian teachers' use of internet tools (Rolando et al., 2013) . Only 12.3% of the teachers mentioned the instructional design as a reason for abandoning the courses, suggesting that changes in the courses' general features would have little effect on the dropout rates. The low speed of their internet connections and the frequent connection failures accounted for a greater proportion of answers than issues related to the course platform. Although improvements on school-based internet access and computer availability have been documented in Brazil (Fidalgo-Neto et al., 2009 ) it is also unlikely that those improvements could have a relevant impact on dropout rates from the courses, because most teachers access the internet from their homes (CETIC, 2013) probably due to the constant commuting between their multiple jobs. On the other hand, it is reasonable to expect that improvements on the quality of internet connection that teachers have at home could substantially reduce dropout rates in online courses.
Conclusion
Public policies have recently been implemented in Brazil to promote teacher online development programs.
We have shown that dropout rates in those courses are high and probably unrelated to the characteristics of the courses. The lack of time due to a heavy workload as well as technological issues associated with the quality of the internet connection that teachers have access to accounted for most of the reasons for dropping out. These results suggest that increasing the opportunities for teachers to enroll in online courses in Brazil will not suffice. Currently, professional development programs have little or no impact on the teachers' careers or wages in Brazil (Villani et al., 2009) . Dropout rates in OPDP would likely fall if such programs had a positive impact on teachers' careers. It seems that the players involved in providing online courses for teachers (e.g., schools, universities, and government agencies) should develop partnerships to offer at least temporary financial incentives and reduced workload to reduce attrition and make it feasible for Brazilian teachers to complete courses. Further large-scale studies are needed to determine whether or not the reasons that lead Brazilian teachers to drop out of the courses studied here reflect a general pattern.
